Lung cancer is the leading cause of cancer-related deaths in the world with non-small cell lung cancer (NSCLC) making up a large majority of all cases. Despite advancement and discoveries in cancer therapy, treatment of this disease has been less successful due to serious side effects and drug resistance. Therefore, there is a need to research into new therapeutic approaches for this disease. This study, therefore, evaluated the effect of two common cytotoxic lung cancer drugs, the etoposide and cisplatin on two lung cell lines, A549 (lung cancer cell line) and BEAS-2B (normal lung virus-transformed cell line). Our study was aimed at testing the response of normal lung and lung cancer cells to different concentrations of etoposide and cisplatin over a period of time in order to determine the cytotoxic effect of these drugs. The cells were grown in culture plates and MTT assays were performed on both cell lines in order to determine each cell line's IC50 in response to various concentrations of cisplatin and etoposide over a maximum period of 72 hrs. Our results showed a cytotoxic effect on both cell lines. Unexpectedly, higher drug toxicity was observed on BEAS-2B compared to A549 cell lines. Consequently, this data highlights the necessity for further search of a more selective and effective drug that has minimal toxicity on the normal cells for effective treatment of NSCLC and lung cancer in general.
INTRODUCTION
Lung cancer is one of the most commonly occurring and deadliest human cancers worldwide (Pervaiz et al., 2010) ; with an annual incidence of 1.8 million (Yousheng et al. 2016) . The mortality rate of lung cancer is up to 1.59 million globally, giving rise to the highest cancer mortality figure (Cheng et al., 2016) . Lung cancers are largely classified into primary lung carcinoma (PLC) and secondary lung carcinoma (SLC) based on the organ of origin. Usually, the most common form of lung cancer is the primary lung cancer which originates from the lungs. Morphologically, two types of PLC, the small-cell lung carcinoma (SCLC) and the non-small-cell lung carcinoma (NSCLC) are known. The NSCLC is reported to be the most commonly occurring cancer globally (Jemal et al., 2013) .
Lung cancer is not curable. However, it is usually treated using drugs in a combinational chemotherapy approach. The most common first-line combination therapy for the treatment of lung carcinoma is the combination of E -etoposide (also known as vepesid, eposin or etopophos) and P -cisplatin (also known as platinum), commonly referred to as EP or PE in different dose combinations to achieve effective therapy. This therapeutic approach has suffered setbacks due to drug toxicity, side effect and resistance. The major cause of drug-toxicity is due to drug interaction with DNA, which could result to the following adverse effects, nephrotoxicity, hepatotoxicity and cardiotoxicity. Mechanism of drug resistance by cancer cells are developed through some modifications such as; changes in drug transport, accelerated drug detoxification, increase in DNA repair, better tolerance mechanism in DNA damage, and modifications in apoptotic pathways (Dasari and Tchounwou, 2014; . Thus the need to further evaluate the toxicity of drugs on lung cancer cells.
In this study, we tested the toxicity effect of etoposide and cisplatin on two cell lines A549 and BEAS-2B in vitro in order to evaluate how lung cancer cells and normal lung cells respond to chemotherapy with these cytotoxic drugs.
MATERIALS AND METHODS

The cell lines
The A549 cell line used for this study originates from a 58-year Caucasian male who had lung carcinoma. These cells are of human alveoli basal squamous epithelial origin that adheres as a monolayer on the bottom surface of culture flask. Meanwhile, the BEAS-2B cell lines are derived from non-cancerous normal human bronchial epithelium. After isolation, they were transformed by viral infection with an adenovirus hybrid 12-SV40 that made them capable of forming colonies in semisolid medium without necessarily being tumorigenic. Both cell lines were kindly provided by Professor Marija Krstic-Demonacos laboratory at Cockcroft Building, University of Salford, Manchester UK, with both passages Number (P 17) in -80°C. Both cells were resuscitated in 15 millimetres (ml) of 90% (v/v) RPMI-1640 (Sigma-Aldrich) with 1 ml of 2 mM L-glutamine (Sigma-Aldrich), supplemented with 10 ml of 10% (v/v) foetal bovine serum (FBS) and a mix-solution of 50 IU/ml penicillin and 50 µg/ml streptomycin antibiotics in a T25 flask (Nunc).
Cell culture and maintenance of adherent cell lines
The cell lines were incubated at 37°C in a humidified atmosphere of 5% CO2 (SANYO electric -MCO-17A1C). The medium was replaced after 24 hours of incubation. The doubling time for the A549 cell line is 22 hours, whereas BEAS-2B has a doubling time of approximately 26 hours. The cells reached a confluence of approximately 70 -80% every 3 days and were then subcultured using sterile phosphate buffered saline (1 × PBS) to wash off contaminants from the culture and 0.25% (w/v) of trypsin-EDTA (Sigma-Aldrich) for cell detachment, in order to enable re-seeding for continues cultivation of cell line in new culture flasks containing fresh media.
After 3-4 successful splitting and subculture of the cells, a working bank of cells (6 vials each at 5.9 × 10 6 /ml and 6.1 × 10 5 /ml) were frozen at -80°C in 1.8 ml of 90% FBS and 200 µl of 10% dimethyl sulfoxide (DMSO). Davou et al. 41 Seeding of plates 
Incubation with etoposide and cisplatin
After 24-h incubation, cells were treated with etoposide and cisplatin at different concentrations with the highest concentration of 20 and 200 µM, respectively. Both solutions were prepared from a 10 mM stock solution and serially diluted to produce the following concentrations; 10, 5, 2.5, 1.25, 0.625, 0.3125 µM for etoposide and 100, 50, 25, 12.5, 6.25, 3.125 µM for cisplatin. This was performed for both the two cell lines to enable incubation at 24, 48 and 72 h under 37°C with CO2 environment. This will allow the interaction of the drugs with the viable cells, already in a favourable growth condition.
MTT (3-4, 5-dimethylthiazol-2, 5 diphenyl tetrazolium bromide) assay
The MTT colourimetric assay was used to assess the viability and proliferation of cells. The mechanism of this test is based on the reduction of an aqueous solution monotetrazolium salt (MTT) to purple insoluble formazan dye by the NADH-dependant oxidoreductases of metabolically active cells (Berridge et al., 2005) . The MTT reagent (Sigma-Aldrich) was made up at 3mg/ml in PBS. Following the incubation of cells with a cytotoxic agent (drugs), 50 µl MTT solution was added to each of the seeded wells. Plates were then incubated (37°C, 5% CO2) for four hours, after which solution was then aspirated from wells being careful to avoid dislodging the purple coloured formazan crystals formed in the bottom. Next, 100 µl of DMSO was added to each well to dissolve the crystals. MultiSkan Ascent Plate Reader (Thermo Fisher Scientific, US) was used to measure the absorbance of each microtitre well at 540 and 690 nm. The absorbance at the 690 nm (background/correction wavelength) is subtracted from the absorbance reading at 540 to enable the percentage viability of cells in each well to be determined, relative to untreated controls. The difference between these two readings was used for the analysis. The mean of the triplicate reading for two separate runs of the same cells and drug was used for statistical analysis and calculation of the IC-50 (inhibition concentration) values of both etoposide and cisplatin.
IC50 is applied to measure drug potency antagonist. This corresponds to the concentration of drug required for 50% inhibition in vitro. A drug IC50 can be determined by designing a dose response curve and analyzing the antagonistic effect of different drug concentration on reversing agonist activity. This can be calculated by determining the concentration of an antagonist needed to inhibit 50% of maximum biological response of agonist (Beck et al., 2017) .
Statistical analysis of cells treated with cytotoxic drugs
In order to investigate the statistical significance of our data, a paired sample t-test analysis was adopted, and analysis was carried out (using the Minitab statistical software) to arrive at the pvalues.
RESULTS
Analysis of cytotoxicity of chemotherapeutic drugs in human lung cancer and normal cell lines using the MTT Assay
In order to determine the cytotoxicity of etoposide and cisplatin chemotherapeutic drugs on both normal and cancer cells, both normal virus-transformed lung epithelial cells BEAS-2B and lung cancer A549 cell lines were exposed to treatment in vitro with the cytotoxic drugs. Both drugs act via DNA damage mechanism leading to the activation of p53, which on activation initiate DNA damage response activity that is evident by quiescence cells or dead cells on the cell culture. These experiments were performed with different drug concentrations at 2000 cell concentration per well for 24-h, 48-h and 72-h. We hypothesized a significant cell Table 1 . The BEAS-2B normal lung virus-transform cell line was also intended to serve as a positive control since we expect no resistance from this normal cell lines to the cytotoxic effect of etoposide and cisplatin. Furthermore, the first row on each plate had only seeded cells without any drug, in order to serve as a negative control for the experiment. Consequently, these experiments reveal a consistent drop in percentage relative viability with increasing drug concentration and incubation.
Analysis of cells treated with cytotoxic drugs after 24-hour incubation
The 24-hour incubation indicated a consistent reduction in cells viability with increased drug concentration as expressed in Figure 1 . Furthermore, the cytotoxic drugs (etoposide and cisplatin) were able to cause greater cell death on BEAS-2B cells than on A549 cells, after exposing both cell lines to the same concentrations and treatment conditions. 
Analysis of cells treated with cytotoxic drugs after 48-hour incubation
The 48-hour incubation as expressed in Figure 2 also indicated a consistent reduction in cells viability with increasing drug concentration. We also notice less viability on BEAS-2B treated with cytotoxic drugs (etoposide and cisplatin) than in A549 cells treated with the same drugs concentration and conditions.
Analysis of cells treated with cytotoxic drugs after 72-hour incubation
The 72-hour incubation as expressed in Figure 3 also indicated a consistent reduction in cells viability with increasing drug concentration. Also, the cytotoxic drugs (etoposide and cisplatin) were able to cause greater cell death as evidenced in virtually all drug concentrations on both A549 cells and BEAS-2B cells.
Statistical analysis of cells treated with cytotoxic drugs
After 24-hours drug incubation, the cytotoxic drugs were only able to cause significant death on BEAS-2B at 1.25 and 50 µM drug concentration for etoposide and cisplatin respectively. Whereas the death caused on A549 cells took 48-hour to achieved significant values of 1.25 and 12.5 µM drug concentration for etoposide and cisplatin, respectively. Also, both cytotoxic drugs achieved significant cell death on both cell lines after 72-hours. Furthermore, a significant death was achieved in virtually all drug concentrations for both cytotoxic drugs on both cell lines after 72-hour incubation.
Analysis of IC50 values of 2000 cells treated with cytotoxic drugs
In 
DISCUSSION
This study was primarily designed to investigate the cytotoxicity of etoposide and cisplatin (the common lung cancer drugs) on lung cancer cells and normal lung cells. Sadly, the treatment of this disease has been less successful despite advancement in discoveries for cancer therapy as the disease is identified to have the highest annual cancer mortality rate of over 1.6 million globally (McGuire, 2016) . The current therapeutic approaches have been shown to present with drug toxicity, side effect and resistance (Dasari and Tchounwou, 2014; , hence the outcome of this study will enhance our understanding of the mode of action of the conventional lung cancer drugs and advance for the search of better future treatment approach for lung cancer. Our data clearly showed that both drugs exhibit significant cytotoxic effects on both the lung cancer cells, A549 and normal lung virus-transformed cells, BEAS-2B, with significantly higher cytotoxicity on BEAS-2B cells. This was confirmed by significantly lower percentage viability on the BEAS-2B normal cells within 24-hour incubation, as it took about 48 h to achieve similar low This study presents great insight into the drug toxicity and side effect witnessed in conventional lung cancer therapy, as shown by higher cytotoxicity of both drugs on normal lung cells. The lower cytotoxicity of both drugs on lung cancer cells indicates some level of resistance of the cancer cells to etoposide and cisplatin. Consequently, these could be the reason for lung cancer showing one of the highest mortality rates among all cancers. However, this insight is based on data obtained from in vitro analysis. A further study using an in vivo approach or clinical trial may provide further confirmation of data. Several studies have shown that tumour cells are capable of developing certain adaptive and resistance conditions such as hypoxic conditions which interfere with the mechanisms of action for most cancer chemotherapeutic drugs (Teicher, 1994; Cosse and Michiels, 2008; Adamski et al., 2013) , leaving the normal cells more vulnerable to the cytotoxic effects of these drugs. A study carried out by Lee et al. (2006) reveals the role of hypoxic conditions indirectly reducing the efficacy of etoposide-mediated apoptosis on lung cancer cells (Song et al., 2006) . This reduced efficacy is as a result of the activation of phosphatidylinositol 3-kinase (PI3K)/AKT and extracellular signal-regulated kinase (ERK) pathways (Lee et al., 2006) . These pathways are very critical in cell cycle regulation and are usually dysregulated in most cancers, thus they function by influencing cellular quiescence, normal cell proliferation, tumour proliferation and cellular longevity (Graupera et al., 2008 , Jia et al., 2008 , Liu et al., 2009 Poulikakos and Solit, 2011) . This, has also indicated an indirectly reduced efficacy of cisplatin treatment on non-small cell lung cancer (NSCLC) cells in a hypoxic-induced environment. According to the Lee study, this hypoxic-induced chemoresistance is mediated through the hypoxic inducible factor-1 alpha (HIF-1α) gene. HIF-1α is considered a major marker for the transcriptional regulator of cellular growth response anchor via hypoxia inducement. The overexpression of this gene is highly associated with most cancers (Iyer et al., 1998; Semenza, 2003) . Another study on the loss of cytoplasmic CDK1 on human lung cancer cells was shown to be responsible for poorer survival in NSCLC as a result of chemotherapeutic resistance. The study highlights that the loss of CDK1 and CDK1-associated genes in multiple cell lines is largely responsible for the chemotherapeutic resistance and poor survival in lung cancer cell lines (Zhang et al., 2011) . Furthermore, a study conducted by Sen et al., revels up to 20% nonresponse to chemotherapy with etoposide and cisplatin. This rate excludes the partial response group that forms part of the remaining 80% of the patients in a comparative study between etoposide/cisplatin and docetaxel/cisplatin chemotherapy treatment in patients with advanced NSCLC (Sen et al., 2016) .
In conclusion, this research reveals that A549 lung cancer cells have greater resistance to the cytotoxic drugs when compared with the effect of the drugs on the normal lung virus-transformed BEAS-2B cells, as demonstrated by the high efficacy of drugs on normal cells over cancerous cells given same treatment conditions. Potentially, this could be a cause of the chemotherapeutic failure being witnessed in lung cancer therapy and its associated side effects. However, the results revealed by these experiments is still far from achieving the ultimate goal of the search for better therapy for lung cancer, as experiments for the expression of genes responsible in DNA damage response such as p53 was not carried out. Further research to investigate the role of p53 and its upstream and downstream genes in tissue sections will be required to provide more insights into understanding the interactions and the nature of genes involved in DNA damage response.
